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[57] ABSTRACT 
An improved well packer for use in sour gas wells is 
disclosed. The improved packer includes a cylindrical 
mandrel encircled with a resilient metal seal ring, means 
for anchoring the packer at a predetermined vertical 
depth, means for radially expanding the seal rings so as 
to cause sealing engagement with the casing and man 
drel, and ratchet means for maintaining the seal rings in 
expanded form. The packer is adapted to be run into the 
cased wellbore on tubing and is particularly useful in 
sour gas wells. 

27 Claims, 11 Drawing Figures 
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WELL PACKERS USING METAL TO METAL 
SEALS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to tools for oil wells, gas wells, 

and the like and more particularly to improved well 
packers. 

2. Description of the Prior Art 
A well packer, which is a device for blocking passage 

of ?uids in an annular space between the well tubing 
and casing, may be used to protect well casing from 
high production or injection pressures, or from corro 
sive ?uids, to prevent migration of ?uids between zones 
through perforations or casing lengths, to isolate perfo 
rations and production in multiple completions, to in 
crease ?ow ef?ciency, to maintain arti?cial lift control 
or to conserve energy in the reservoir by improved 
withdrawal rate control. 
Most well packers have three main components: (1) a 

seal assembly for sealing the annular space, (2) a slip 
assembly for mounting and anchoring the packer in the 
well, and (3) a setting and release mechanism to apply 
and maintain, or relieve, the sealing force applied to the 
seal assembly. These components are often maintained 
in assembled relation by a mandrel. 
An essential characteristic of the packer is that of 

reliability. Once a packer is installed, it should perform 
trouble-free for as long as desired. If the packer fails, the 
expense involved in retrieving and replacing the packer 
is usually quite high. Packer mechanics and the method 
by which a seal is maintained are major factors in deter 
mining overall packer cost and effectiveness. 
Problems with prior art packers include excessive 

casing damage from slips, as well as slip failure. The slip 
assembly usually contains slip elements having teeth 
designed to penetrate into the casing wall and anchor 
the packer in position under pressure differentials which 
may exist across the packer. Theoretically, a packer can 
be seated and unseated a number of times without re 
quiring the replacement of the slip elements. However, 
if longitudinal packer movement occurs as the slips are 
released, due to unequalized differential pressure across 
the packer or due to tubing tension or weight, damage 
to the casing may occur as well as dulling of the slip 
teeth. Movement may also result where the slips are 
corroded from an HZS or other corrosive environment. 
The use of worn slips may cause a packer to fail in the 
well. Further, it is dif?cult to determine if the slip teeth 
are adequately sharp by visual inspection, since only a 
slight dulling can cause packer failure. Normally a 
packer should not be set at the same place in the casing 
where milling operations have taken place, or where 
slips have been engaged and held against a fairly high 
pressure differential. If damage to the casing has oc 
curred when retrieving prior packers, it may be impos 
sible to adequately seal the casing at the desired depth. 
Methods for setting the slips and seal rings in packers 

include the application of an upward or downward 
force on a tubing string, actuation by hydraulic pres 
sure, rotation of the tubing string, and use of a J -slot and 
pin arrangement. Problems transmitting the necessary 
torque to the packer are encountered with rotation 
methods. Hydraulic actuation has the problem of pres~ 
sure ?uctuation, with consequent repeated releasing 
and resetting of the slips into the casing, often resulting 
in casing damage, movement of the packer, and loss of 
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2 
sealing ability. With tension-type tools, problems may 
occur due to an inability to stretch the tubing suffi 
ciently to effect normal release of the slips; in other 
cases where downward force must be applied, the 
packer may progressively move down to the plugback 
depth of the well while attempting to release the packer 
and slips, making it impossible to release the packer. 
For greater packer reliability it is essential that the 

packer have a sealing element which will establish and 
maintain a seal under producing conditions. Most con 
ventional packers are reliable in wells in normal-to 
medium temperature ranges where hydrogen sul?de 
gas is not being produced. In deep, sour wells, however, 
hydrogen sul?de gas presents a highly corrosive envi 
ronment, particularly at high pressures and tempera 
tures, for packer operations and it is often difficult for 
conventional packers to sustain an effective seal under 
such conditions. 
The packer sealing elements themselves are normally 

formed of an elastomeric material such as rubber. Typi 
cally, when a packer is set, the elastomer sealing ele 
ment is compressed longitudinally and expanded radi 
ally to form a seal against the casing. During compres 
sion the elastomeric material tends to extrude between 
the packer body and the casing. After the packer has 
been set, retrieval is often difficult due to excessive 
extrusion of the sealing element. The seals cannot re 
sume their approximate original con?guration, which 
can cause the packer to become stuck, especially in deep 
wells. This problem is aggravated at high temperatures 
in such wells. Further, most elastomers, will not sustain 
an effective seal in a sour gas environment, particularly 
at high temperatures and pressures. Under these condi 
tions, most elastomer seal rings become brittle, deterio 
rate or swell and lose sealing capability. 

Several elastomeric and synthetic resin materials 
have been suggested to overcome the degradation ef 
fect caused by high temperatures in an H28 environ 
ment. For example, polytetrafluroethylene, sold under 
the trade name Te?on, and certain ?uoroelastomers 
have good temperature and chemical resistance. How 
ever, these materials, like most other elastomers and 
resins, have certain undesirable mechanical properties. 
One disadvantage is that under higher temperature con 
ditions it is often difficult to prevent elastomeric and 
synthetic resin materials from being extruded from even 
very small clearances in the annular space. Another 
disadvantage is that some of the suggested seal materials 
such as Te?on have virtually no elasticity, and there 
fore are difficult to unseat and retrieve. 

SUMMARY OF THE INVENTION 

This invention provides improved packers for use in 
a cased wellbore and alleviates anchoring and sealing 
dif?culties described above. The packers of the present 
invention are adapted to be run into a cased wellbore on 
a tubing string and include resilient metallic seal rings, a 
cylindrical mandrel containing a tubing anchor de 
signed to engage an appropriately fashioned casing 
anchor collar, a ratchet locking mechanism for main 
taining sealing force on the seal rings, and a means for 
applying force to cause the rings to sealingly engage the 
casing and the mandrel. The metal seal rings are prefer 
ably spaced in nested relationship longitudinally along 
the mandrel, separated by specially shaped spacer rings. 
Below the anchor collar is attached a length of casing 
having a polished bore against which the seal rings are 
engaged. 
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When inserting the mandrel assembly in the well, the 
seal rings are retracted to permit the mandrel to enter 
the polished bore. Means are provided to expand the 
seal rings and effect the seal once the packer is properly 
located in the casing. 
A preferred form of the seal rings are frusto-conical, 

metallic members, similar in shape to Belleville springs. 
These metal rings, because of their spring characteris 
tics, can be seated and unseated with a high degree of 
reliability, and yet permit large sealing forces to be 
developed when setting the packer. Moreover, the 
metal composition of the rings is resistant to HZS corro 
sion. 

In the practice of this invention, the well packer can 
effectively block ?uid ?ow through the annular space 
between the mandrel and easing under conditions of 
high pressure, high temperatures and in the presence of 
hydrogen sul?de. These packers, therefore, will be seen 
to offer signi?cant advantages over the packers existing 
heretofore. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B taken together constitute a longitu 
dinal view in section and elevation of a packer con 
structed according the present invention. 7 
FIGS. 2A and 2B taken together constitute a longitu 

dinal view in section and elevation of another packer 
embodying the present invention. 
FIG. 3 is a view in section taken generally along the 

line 3--3 of FIG. 2A. 
FIG. 4 is a view in section taken generally along the 

line 4-—4 of FIG. 2B. 
FIG. 5 is a fragmentary longitudinal view in section 

and elevation of the packer of FIGS. 2A and 2B illus 
trating one step in anchoring the packer. 
FIG. 6 is a fragmentary longitudinal view in section 

and elevation of the packer of FIGS. 2A and 2B illus 
trating another step in anchoring the packer. - 
FIG. 7 is an enlarged, fragmentary, sectional view of 

the seal assembly portion of packers embodying the 
present invention, illustrating seal rings in the retracted 
position. 
FIG. 8 is an enlarged, fragmentary, sectional view 

similar to FIG. 7 illustrating the seal rings when seal 
ingly expanded. 
FIG. 9 is a perspective view illustrating a preferred 

ring useful in the packers illustrated in FIGS. 1A, 1B 
and 2A, 2B. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIGS. 1A and 1B, a packer 10 is shown 
coupled to a tubing string by means of a tubing connec 
tor 12. The packer 10 is run into a casing string 13, 
which is provided with an anchor collar 14 having an 
internal, downwardly convergent shoulder surface 15. 
The anchor collar 14 has a slightly reduced inner diame 
ter and is connected to a polished bore casing section 16 
having the same inner diameter as anchor collar 14. 
The main elements of packer 10 include a hollow, 

tubular member or mandrel 20, a seal assembly 21, an 
anchor assembly 22 and a ratchet assembly 23. The 
lower end of the tubing connector 12 is threadedly 
connected to a mandrel sleeve 25, which forms a sheath 
around the upper portion of mandrel 20 and extends 
downwardly to ratchet assembly 23. A spring 26 is 
disposed in the annular space between mandrel 20 and 
mandrel sleeve 25, and extends longitudinally from the 
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4 
bottom of tubing connector 12 to the top of outer 
ratchet sleeve 31. 

Ratchet assembly 23 has an outer ratchet sleeve 31 
which is provided with a set of internal, upwardly an 
gled, concentric threads 32. Outer ratchet sleeve 31 is 
initially disposed around mandrel 20 such that threads 
32 are located above a set of external, downwardly 
angled, concentric threads 30 on mandrel 20. 

Outer ratchet sleeve 31 abuts collet stop 35, which 
forms the upper portion of anchor assembly 22. Anchor 
assembly 22 also includes an anchor collet 36 consisting 
of a plurality of downwardly extending circumferen 
tially spaced collet ?ngers 37, each of which has a lock 
ing head 38. The seal collar 14 is provided with a lock 
ing recess 39 designed to interlock with each locking 
head 38 of the anchor collet 36. The mandrel 20 is pro 
vided with an upper mandrel recess 40 and a lower 
mandrel recess 41 designed to receive the locking heads 
38 when anchoring or retrieving the packer. 
A ?ange 50 is circumferentially disposed around 

mandrel 20 and extends longitudinally from the bottom 
of anchor collet 36 to the top seal connector 51. The 
?ange 50 is connected to the mandrel by means of shear 
pins 52 and to top seal connector 51 by means of shear 
pins 53. The lower portion of ?ange 50 has a seating 
shoulder 54 designed to engage the extension 55 of top 
seal connector 51 when shear pins 53 are sheared. 
Below ?ange 50 is seal assembly 21. A plurality of 

frusto-conical resilient metal seal rings 60, 61 and 62 are 
circumferentially disposed around the mandrel 20 and 
separated by a top seal spacer 63 and a bottom seal 
spacer 64. The seal rings are supported on the bottom 
by the bottom seal connector 65 which is connected to 
mandrel extension 20A by means of dogs 66; the dogs 
are held in place by shear sleeve 67 which is, in turn, 
attached to the mandrel by means of shear pins 68. 
At the lower end of mandrel extension 20A is a wiper 

assembly 70. The wiper assembly is provided with spac 
ers 73A and 73B and two cylindrical ?uorocarbon wip 
ers 71 and 72, and serves to clean the polished bore 
section 16 when lowering the packer into place. 
As shown in FIGS. 1A and 18, well packer 10 has 

been anchored at the proper vertical height in the cas 
ing string, but the seals have not yet been set. In opera 
tion, the packer is lowered into the casing string 13 on 
a tubing string until the locking heads 38 of anchor 
collet 36 encounter casing shoulder 15. Continued 
downward force causes anchor collet 36 and outer 
ratchet sleeve 31 to move upwardly, compressing 
spring 26, until locking heads 38 move into upper man 
drel recess 40. At this point, the well packer may be 
lowered further until locking heads 38 are opposite 
locking recess 39 on anchor collar 14. Tension from 
compressed spring 26 causes the locking heads to en 
gage locking recess 39. The mandrel is moved upward 
slightly so that the upper mandrel recess 40 is no longer 
opposite locking heads 38, and tension is held on the 
outer ratchet sleeve 31 and anchor collet 36 by means of 
spring 26. 
An upward force may be applied on the mandrel to 

test whether the packer has actually been anchored. If 
the packer is anchored as shown in FIGS. 1A and 1B, 
an upward force of about 2600 .pounds will cause shear 
pins 53 to shear and allow shoulder 54 and extension 55 
to engage. This procedure senses that the ratchet assem 
bly 23 does not engage prior to the desired setting oper 
ation. Thus the ratchet assembly 23 is safely disengaged 
prior to the initial shearing of shear pins 53. Once the 
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threads 32 and threads 30 of ratchet assembly 23 have 
initially engaged, setting force is applied by applying an 
upward force on the tubing string. An upward force of 
about 12,400 pounds applied to mandrel 20 causes shear 
pins 52 to shear and permits relative upward movement 
of mandrel 20 with respect to seal assembly 21. This 
upward force is transmitted to the bottom seal connec 
tor 65 by means of dogs 66 and applied to seal rings 60, 
61 and 62. Upward movement of top seal connector 51 
is prevented since it directly abuts ?ange 50 which is 
held by means of anchor assembly 22. Suf?cient upward 
force is applied to expand the metal seal rings 60, 61 and 
62 into sealing engagement with the mandrel 20 and 
polished bore section 16. This force on the rings is main 
tained due to engagement of threads 32 and threads 30 
of ratchet assembly 23. When the rings are engaged, 
?uid ?ow is prevented in the annulus between casing 
string 13 and the tubing string above seal assembly 21. 
When removal of the packer is desired, pressure on 

the seal rings must be relieved. This is accomplished by 
lowering a ?shing tool on wireline through the inside of 
the tubing string, down through the mandrel, until shear 
sleeve 67 is reached. The lower shoulder of shear sleeve 
67 is engaged by the tool'and an upward force is applied 
with the wireline. When the applied force is about 6200 
pounds, shear pins 68 shear and shear sleeve 67 moves 
upwardly until its lower edge clears the upper edge of 
dogs 66. “Jarring” the tubing string causes dogs 66 to 
disengage bottom seal connector 65, and hence the 
upward sealing force maintained by ratchet assembly 23 
is released. Seal rings 60, 61 and 62 can then resume 
their original shape, no longer contacting the wall of the 
polished bore section 16 or the mandrel 20. An upward 
force on the tubing string is then applied causing man 
drel 20 to move upwardly until locking heads 38 are 
opposite lower mandrel recess 41. Continued upward 
force causes locking heads 38 to move into the lower 
mandrel recess 41, thus allowing disengagement of the 
packer 10 from the anchor collar 14. The packer may 
then be lifted from the well. 

Referring now to FIGS. 2A and 2B, another embodi 
ment of the present invention is illustrated. Packer 100 
includes an upper mandrel section 101, a middle man 
drel section 102 and a lower mandrel section 103. The 
mandrel sections maintain in assembled relationship a 
spline assembly 104, an anchor assembly 105, a seal 
assembly 106, and a ratchet assembly 108. At the lower 
end of the lower mandrel section 103 is attached a set 
ting plug assembly 107, which is used when applying 
hydraulic pressure to set the packer seals. 
The packer 100 is connected to the lower end of a 

tubing string by means of top tubing connection 111 
(partially shown), and is lowered into a casing string 
112 which includes at its lower end anchor collar 115. 
Anchor collar 115 has splines 114 which interact with 
spline assembly 104 when the packer is being operated. 
A polished bore casing section 117 is connected to the 
lower end of anchor collar 115. 
The purpose of spline assembly 104 is to prevent 

circumferential rotation of certain packer elements 
when retrieving the packer. Spline assembly 104 in 
cludes a splinenut 120 which is connected by means of 
left-handed spline threads 121 to the upper mandrel 
section 101. Disposed in recesses 122 of spline nut 120 
are friction dogs 123, which are held in outward tension 
by springs 124. The relationship of friction dogs 123 and 
splines 114 is best seen in FIG. 3. Spline nut 120 is also 
threadedly attached to mandrel extension sleeve 127 
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6 
which as shown in FIG. 2A, is encircled at its upper end 
by spring 128. Spring 128 provides tension on certain 
components of anchor assembly 105 during operation of 
the packer. 
Anchor assembly 105 includes collect latch 130, 

which consists of a plurality of downwardly extending 
circumferentially spaced collet ?ngers 130A, each hav 
ing a locking head 135. Other components of anchor 
assembly 105 include mandrel extension sleeve 127, 
anchor clutch 131, release nut 137, and locator collet 
139. 

Referring to FIG. 2A in detail, mandrel extension 
sleeve 127 has two annular recesses, upper recess 133 
and lower recess 134, which are utilized when either 
anchoring or releasing the packer. Locking heads 135, 
are designed to operatively engage either the anchor 
recess 116 or the mandrel recess 133 and 134. Pipe plugs 
132 are attached to the lower end of mandrel extension 
sleeve 127 and engage grooves 136, thus allowing lim 
ited longitudinal movement of sleeve 127 but not rota 
tional movement. Immediately below and abutting 
locking heads 135 is anchor clutch 131, which contains 
the longitudinal grooves 136. Anchor clutch 131 is 
maintained in assembled relationship by means of re 
lease nut 137 which is threadedly attached with left 
handed threads to the upper end of backoff mandrel 138 
and the lower end of upper mandrel section 101. 

Immediately below release nut 137 and encircling 
middle mandrel section 102 is locator collet 139, which 
includes a plurality of ?ngers having locator heads 143 
designed to operatively engage anchor recess 116. The 
function of locator collet 139 is to enable the depth of 
anchor recess 116 to be precisely determined, prior to 
performing anchoring and sealing operations. 
As illustrated in FIGS. 2A and 2B, packer 100 has 

already been anchored at the desired vertical depth and 
therefore locator collet 139 is no longer functional. 
Thus shear pins 140, which serve to couple shear ring 
141 with backoff mandrel 138, have already been 
sheared. Shear ring 141, which maintains collet 139 in 
functional position prior to shearing pins 140, is shown 
resting at its lower end on shear ring stop 142. (FIG. 5 
shows the pins 140 prior to shearing.) Locator heads 
143 abut the collet position ring 144. Stop ring 145 is 
circumferentially disposed around and attached to 
backoff mandrel 138 by means of shear screws 146 and 
snap ring 147. Stop ring 145 is utilized when locating 
anchor recess 116 and also when anchoring the packer. 
In FIG. 2A shear screws 146 have already been 
sheared, and the portions attached to backoff mandrel 
138 are shown at 146A. (FIGS. 5 and 6 show the screws 
146 prior to shearing.) 
The backoff mandrel 138 and middle mandrel section 

102 may be lengthened as desired by means of appropri 
ate extensions, thus permitting variations in the distance 
between the anchor assembly 105 and the seal assembly 
106. Lower mandrel section 103 is joined to middle 
mandrel section 102 by means of lower tubing connec 
tor 150. Bearing rings 153 abut connector 150 and encir 
cle lower mandrel section 103. Backoff mandrel 138 
extends around and below lower tubing connector 150 
and abuts top seal adapter 160. 

Referring also to FIG. 4, longitudinal grooves 151 are 
formed in the lower end of backoff mandrel 138. Sleeve 
152, having splines 154 and grooves 155, engages 
grooves 156 of lower mandrel section 103 and grooves 
151, prohibiting relative rotation of backoff mandrel 138 
and lower mandrel section 103. 
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Seal assembly 106 is circumferentially disposed 
around lower mandrel section 103 and includes, in 
nested pairs, top seal rings 161, middle seal rings 162 
and lower seal rings 163, spaced longitudinally by 
means of upper seal spacer 164 and lower seal spacer 
165. The seal rings and spacers are bounded by top seal 
adapter 160, which abuts upper seal rings 161, and bot 
tom seal adapter 166, which abuts lower seal rings 163. 
Disposed immediately below and abutting bottom seal 
adapter 166 is a plurality of frusto-conical springs 167, 
which maintain the seal rings, spacers and connectors in 
tensioned, assembled relationship. The inside and out 
side diameters of springs 167 are such that, when fully 
compressed, they do not engage either the polished 
bore section 117 or lower mandrel section 103. Lower 
shear ring 168, which is attached to lower mandrel 
section 103 by means of shear screws 169, maintains 
Belleville springs 167 in assembled relationship. 

Located immediately below lower shear ring 168 is 
ratchet assembly 108, which includes an outer ratchet 
sleeve 170 and an inner ratchet sleeve 172. Sleeve 170 
has a set of upwardly angled, concentric threads 171 
which operatively engage downwardly angled, concen 
tric threads 173 of sleeve 172 when setting the seal 
rings. Inner ratchet sleeve 172 has two annular recesses 
174 which contain rubber “0” rings 175. The “0” rings 
175 prevent leakage of hydraulic ?uid into the annular 
spaces formed by the outer ratchet sleeve 170, inner 
ratchet sleeve 172, and lower mandrel section 103. A 
cylindrical hydraulic port 177 is located in the lower 
mandrel section 103 directly opposite the lower end of 
inner ratchet sleeve 172, which is appropriately con 
toured at 178 to receive and transmit the force of hy 
draulic ?uid pressure in an upward direction. 

Directly beneath inner ratchet sleeve 172 is pro?le 
body 180, which couples the outer ratchet sleeve 170 to 
lower'mandrel section 103. Set screws 183 engage both 
the lower threaded end of outer ratchet sleeve 170, the 
pro?le body 180 and lower mandrel section 103 to pre 
vent these components from disengaging. Rubber “0” 
rings are located in annular spaces 184, 185 and 186 of 
the pro?le body 180 to prevent leakage of hydraulic 
?uid. Wipers 187 and 188, preferably made of a ?uoro 
carbon material, are circumferentially disposed in the 
annular recess of pro?le body 180 and serve to clean the 
polished bore section 117 when lowering the packer 
into place. Wipers 187 and 188 are separated by means 
of cylindrical spacer rings 189 and 190 and are main 
tained in assembled relationship by means of retainer 
ring 191 which is attached to pro?le body 180 by set 
screws 192. 

Threadedly attached to the lower end of profile body 
180 is setting plug catcher 107A, which contains a 
no-go type hydraulic sealing assembly 107. Assembly 
107 prevents hydraulic ?uid ?ow below setting plug 
catcher 107A by forcing hydraulic ?uid into port 177 
when it is desired to set the seal rings on the packer. A 
suitable hydraulic sealing assembly is commercially 
available as “Setting Plug and NO-GO Catcher Sub” 
made by Brown Oil Tools, Inc. The construction and 
operation of assembly 107 is well known in the art and 
will not be described further. 
The operation of the packer will be described with 

reference to FIGS. 2A, 2B, 5 and 6. Packer 100 is low 
ered into a cased wellbore provided with an anchor 
collar 115 and a polished bore section 117 at the desired 
vertical depth until locator heads 143 of locator collet 
139 engage anchor recess 116; and stop ring 145 engages 
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8 
stop shoulder 145A of seal collar 115. The packer is 
then in the position shown in FIG. 5. To test whether 
the packer is properly located within anchor collar 115, 
an upward force of less than about 16,500 pounds is 
applied on the tubing string, causing backoff mandrel 
138 to move upward. When properly located, the top 
edge of shear ring 141 engages locator collet 139, while 
the outer cylindrical surface of collet position ring 144 
becomes disposed opposite the inner surfaces of locator 
heads 143, thus preventing disengagement of the locator 
heads from anchor recess 116. The packer is now tem 
porarily anchored in place. 

Referring to FIG. 6, when an upward force of greater 
than about 16,500 pounds is applied to the tubing string, 
shear pins 140 are sheared and shear ring 141 engages 
shear ring stop 142. At this point locator heads 143 are 
free to disengage anchor recess 116, since the collet 
position ring 144 is now above locator heads 143. 
Packer 100 is then withdrawn from the polished bore 
section 117. The tubing string above top tubing connec 
tion 111 is then lengthened or shortened to properly 
position the upper end of the tubing string at the well 
head (not shown) and to permit the proper tension to be 
maintained on the tubing string between the packer and 
the wellhead when completely connected. 

Referring again to FIGS. 2A and 2B, packer 100 is 
then lowered into the wellbore and polished bore sec 
tion 117 until stop ring 145 engages stop shoulder 145A. 
Locator heads 143 may still engage anchor recess 116, 
but are free to disengage with any longitudinal move 
ment of the tubing string since shear ring 141 is no 
longer available to position locator heads 143 opposite 
collet position ring 144. Thus, only stop ring 145 pre 
vents further downward movement of the tubing string 
110 and the packer. A downward force of about 16,500 
pounds is applied, causing shear screws 146 to shear. 
The packer is then lowered a measured distance verti 
cally, the downward force on the packer causing the 
mandrel sections 101, 102 and 103, and mandrel exten 
sion sleeve 127 to move downwardly, compressing 
spring 128 until locking heads 135 move into the upper 
mandrel recess 133. The packer is then lowered further 
until locking heads 135 are opposite anchor recess 116 
on anchor collar 115. Tension from compressed spring 
128 causes the locking head to engage anchor recess 
116, thus preventing further substantial longitudinal 
movement of the packer. As shown, friction dogs 123 
may engage splines 114 and serve to prevent extended 
rotation of certain packer components around the axis 
of the well when removing the packer. 

Metal seal rings 161, 162, and 163 may now be set. 
Suitable hydraulic ?uid is pumped through the tubing 
string and the mandrel sections. Fluid ?ow below the 
setting plug assembly 107 is prevented, and hydraulic 
pressure within the mandrel is transmitted through hy 
draulic port 177 to provide an upward force on inner 
ratchet sleeve 174. When this force exceeds about 6000 
pounds, shear screws 169 are sheared, and lower shear 
ring 168 and inner ratchet sleeve 172 move upward. 
Springs 167 are fully compressed and transmit an up 
ward force through seal assembly 106, causing the 
metal seal rings to expand until they sealingly engage 
the wall of the polished bore section 117 and the lower 
mandrel section 103. Sealing force is maintained on the 
seal rings without continued hydraulic pressure when 
upward movement of inner ratchet sleeve 172 causes 
ratchet threads 171 and 174 to engage. When engaged, 
downward movement of the inner ratchet sleeve 172 is 
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prevented relative to outer ratchet sleeve 170. With the 
seal set, the packer prevents ?uid flow in the annulus 
between casing string 112 and the tubing string above 
seal assembly 106. 

Packer 100, as illustrated in FIG. 2, is partially recov 
erable and all elements above seal assembly 106, i.e., 
those elements disposed around and above middle man 
drel section 102, may be recovered when desired. 
To recover the elements above seal assembly 106, a 

right-handed torque is placed on the tubing string and 
hence on upper mandrel section 101, which is con 
nected to release nut 137 by means of left-handed 
threads. Upper mandrel section 101 begins to disengage 
from release nut 137 at a rate of one-tenth inch per turn. 
Release nut 137 is interconnected with anchor clutch 
131 at 137A, and is therefore prevented from rotating, 
since anchor clutch 131 is interconnected by means of 
pipe plugs 132 with anchored mandrel extension sleeve 
127. 
While mandrel sections 101 and 102, and lower tub 

ing connector 150, are coupled by means of right 
handed threads, lower mandrel section 103 is connected 
with left-handed threads to connector 150. Therefore, 
the applied right-handed torque causes the lower man 
drel section 103 to disengage lower tubing connector 
150, which moves upward at a rate of one-tenth inch 
per turn. 
As previously described, lower mandrel section 103 

and backoff mandrel 138 are coupled by sleeve 152. 
Thus, the applied torque on mandrel section 103 is 
transmitted through backoff mandrel 138 and applied to 
the lower end of release nut 137 as left-handed torque. 
However, since release nut 137 and backoff mandrel 138 
are connected by means of left-handed threads, this 
torque serves only to tighten the connection between 
these two elements. If the lower threaded connections 
of release nut 137 and backoff mandrel 138 were not 
made using left-handed threads, the applied torque 
would cause backoff mandrel 138 to move down 
wardly, thereby placing great pressure on the threaded 
connections of the components being separated, possi 
bly preventing the rotation necessary for retrieval and 
causing the threads to gall severely. Bearing rings 153 
located at the lower end of tubing connector 150 reduce 
friction when effecting release and allow for easier 
disengagement. 
At the same time the applied right-handed torque 

causes mandrel sections 102 and 103 to disengage, spline 
assembly 104 moves upwardly at a rate of one-half inch 
per turn. This is because spline assembly 104 is con 
nected with left-handed threads 121 to upper mandrel 
section 101, but prevented from rotating due to engage 
ment of dogs 123 and splines 114. Upward movement of 
spline assembly 104 lifts mandrel extension sleeve 127 
upwardly and causes shoulder 200 on mandrel extension 
sleeve 127 to engage and move collet latch 130 upward. 
Locking heads 135 move into mandrel recess 134 and 
out of anchor recess 116 during upward movement. 
After spline assembly 104 has moved upwardly about 1% 
inches, further upward movement does not occur due to 
disengagement with threads 121, even though mandrel 
section 101 continues to rotate. After the tubing has 
been rotated for about sixteen turns, middle mandrel 
section 102 is completely disengaged from lower man 
drel section 103, while upper mandrel section 101 is 
only partially disengaged from release nut 137. There 
fore, when the tubing string is lifted from the well, all 
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10 
packer elements above lower mandrel section 103, in 
cluding backoff mandrel 138, are retrieved. 

In addition to a ratchet assembly for maintaining 
sealing force and an anchor assembly for maintaining 
the packer at the proper vertical depth, both packers 
described above have in common the use of frustoconi 
cal, resiliant metallic seal rings (e. g. rings 60, 61 and 62). 
In FIG. 7, a radial section of nested rings 62 in their 
retracted condition is shown. FIG. 9 illustrates in per 
spective view a single seal ring 62’ used in the practice 
of the invention. (Reference herein will be to the packer 
of FIGS. 1A and 1B, but the principles discussed apply 
to both packers described.) The seal rings are disposed 
between the lower end of bottom seal spacer 64 and the 
upper end of bottom seal connector 65. The lower end 
surface 280 of the bottom seal spacer 64 and the upper 
end surface 281 of bottom seal connector 65 are parallel 
and are frusto-conical in shape. These surfaces will be 
generally referred to hereafter as compression surfaces. 
When the seal rings 62 are retracted as in FIG. 7, i.e. 

not subject to an axial compressive force, the slant or 
angle of inclination of the compression surfaces with 
respect to a plane normal to the axis of the seal rings is 
substantially less than the slant of the frusto-conical 
surfaces of the seal rings. In other words, the cone angle 
[3 of the seal rings is smaller than the cone angle 0 of the 
compression surfaces. Thus, when the seal rings are 
placed between the compression surfaces, the upper 
corner 263 and lower corner 264 of the seal rings 62 
contact the frusto-conical compression surfaces before 
the pressure is applied to expand the seal rings into 
sealing engagement. As shown in FIG. 7, the inner 
circumferential edge surface 265 of each of the seal 
rings has a sliding fit on the mandrel 20 and the diameter 
of the outer peripheral edge surface 266 of the seal rings 
is slightly less than the inner diameter of the polished 
bore receptacle 16. The inner and outer frusto-conical 
surfaces 260 and 261 of the seal rings are parallel. Sur 
face 265, which sealingly engages mandrel 20, is ob 
tained by bevelling or rounding the inner circumferen 
tial edge of the frusto-conical rings. Such bevelling 
reduces the frictional resistance between the seal rings 
and the mandrel during assembly of the packer, anchor 
ing the packer, and when sealingly expanding the seal 
rings. - 

In FIG. 8, rings 62 are shown in radial section in the 
expanded or sealing position. In being stressed, the 
surfaces 266 and 265 of rings 62 sealingly engage the 
wall of polished bore section 16 and mandrel 20 respec~ 
tively. 

Seal rings 62, mandrel 20 and polished bore section 16 
are constructed from a material which will not appre 
ciably yield when setting the packer. Of course, a slight 
amount of permanent deformation may occur, but to an 
extent not apparent with ordinary visual inspection. 
When the rings 62 are compressed, the outer and inner 
surfaces 266 and 265 of the rings will be in sealing en 
gagement over substantially the entire edge surface. A 
seal results because the transverse contact pressure be 
tween the surfaces 266 and 265 of the seal rings and the 
mandrel and polished bore section is greater than the 
pressure differential across the packer. ' 
An advantageous feature of the frusto-conical metal 

seal rings 60, 61 and 62 is that a large mechanical advan 
tage can be obtained to exert a transverse sealing force 
inwardly and outwardly at the circumferential edge 
surfaces to form the seal between the mandrel and the 
polished bore section. Due to the spring characteristics 
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and rigid nature of such frusto-conical metal rings, 
when loaded by an axial compressive force on the inner 
circumference, the highest stresses occur at the inner 
and outer edge surfaces. A nonuniform elastic stress 
distribution is obtained, giving a large mechanical ad 
vantage in sealing. Because of the geometry and physi 
cal characteristics of the seal rings, the axial compres 
sive force is related to the transverse sealing force tan 
gentially according to the ring cone angle (B). As the 
cone angle becomes larger by application of an axial 
compressive force, the ratio of the transverse sealing 
force to the compressive force (mechanical advantage) 
becomes larger. Values of this ratio as a function of ring 
cone angle are shown in Table I. Preferably, the ratio of 
sealing force to compressive force is at least 1.7 when 
effecting a seal. Choice of slant angles, seal ring mate 
rial, and de?ection limits must be carefully made, how 
ever, so that the stresses at the circumferential edge 
surfaces do not exceed the elastic limit of the metals and 
result in appreciable ?ow. When properly designed, 
tremendous sealing forces may be obtained without 
appreciably reducing the elastic nature of the seal ring. 
With elastomeric seal rings of the prior art, a different 
sealing mechanism operates, i.e. the seal depends on 
extrusion and high extruded edge contact with the 
walls, and hence the requisite ring rigidity is unavailable 
to obtain the large mechanical advantage of the present 
invention. 

TABLE I 
RATIO OF SEALING FORCE TO COMPRESSIVE FORCE 

AT DIFFERENT RING CONE ANGLES 
Ring Cone Angle 
(/3, Degrees) Sealing Force/Compressive Force 

Preferably, the compression surfaces have an angle 0 
of between about 80° and 82°, and the seal rings when 
retracted have an angle B of between about 60° and 
about 75°, and are expanded through an angle of be 
tween about 2" to about 10° when effecting a seal. Note 
that upon sealing engagement, compression surfaces 
280 and 281 preferably do not touch ring surfaces 260 
and 261. This provides some leeway when setting the 
seal rings, and also has been found to facilitate release 
when retrieval of the packer is desired. 

In order that the seal rings may be ?tted within the 
polished bore section, the diameter of the peripheral 
edge surface of the ring should be slightly less than the 
inner diameter of the polished bore section. In most 
applications the distance may be between about 0.001 
and about 0.05 inches. The inner circumferential edge 
surface of the rings should have a diameter so as to form 
a snug fit over the mandrel. 
The seal rings 60, 61 and 62 are substantially rigid, yet 

resilient, and are formed of a material substantially as 
hard or harder than that from which the casing or man 
drel is formed. Generally, the material has a Brinnel 
hardness of at least about 321 (based on a Brinnel scale 
of 3,000 Kg). The rings may be formed of the same 
material as the polished bore section and mandrel. The 
metal used to form the rings should be an elastic or 
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resilient material, i.e., the rings should have the ability 
to deflect or distort under load and substantially re 
cover their original shape when released after being 
distorted. The edge surface of the rings should not yield 
appreciably when sealing pressure is applied. 

In the preferred embodiments, the frusto-conical 
metal seal rings are circumferentially disposed around 
the mandrel and spaced longitudinally in nested groups 
of two. Use of the term “nested” is meant to de?ne the 
relationship where the frusto-conical surfaces of the seal 
rings forming any given group of rings are parallel. 
Frusto-conical rings in nested relationship require a 
greater load to cause deformation than a single ring. 
While the nested relationship is typically used to obtain 
a stiff, yet ?exible spring, a different function is served 
in the present invention. Tests have shown that, when 
applying sealing force to a single ring, the outer and 
inner circumferential edge of the ring will occasionally 
“dig into” or penetrate the wall of the polished bore 
section and the mandrel, instead of forming a seal at the 
inner and outer edge surfaces of the ring. This is be 
lieved to be due to a slight cocking or tilting of the ring 
prior to application of sealing force, resulting in an 
uneven load being applied. The problem was overcome 
by nesting the frusto-conical rings. The nested relation 
ship maintains the rings in their centered disposition and 
thus prevents them from cocking. This allows a uniform 
load to be applied, resulting in the desired seal. 

In the preferred embodiments, three groups of frusto 
conical seal rings are spaced longitudinally along the 
mandrel. The lower two groups tend to resist an up 
ward force resulting from pressure below the packer, 
while the upper group tends to resist a downward force 
from pressure above the packer. Sealing force is applied 
upwardly at the lower circumferential edge of the bot 
tom group of seal rings to cause expansion and sealing 
engagement of all groups of rings. Due to frictional 
resistance and the spring characteristics of the spacers 
and seal rings, the actual load placed upon the upper 
groups becomes progressively less. Tests showed that 
where rings of equal thickness are used in each group, 
application of upward sealing force sometimes results in 
the engagement of the lower group with the mandrel 
and polished bore section prior to engagement of the 
upper groups. When this happens, it is extremely diffi 
cult to safely apply enough force to cause the upper two 
groups of rings to seal. Ring “thickness”, as used herein, 
means the distance between the parallel inner and outer 
frusto-conical surfaces of a given ring. Use of rings 
having lesser thickness in each successively higher 
group allows equivalent deflection or expansion of all 
three groups of rings, even though a different actual 
load is applied to each group. Since equivalent de?ec 
tions are obtained, sealing engagement occurs at the 
same time. 
To form an effective seal, the seal rings 60, 61 and 62 

should be formed of metal which withstands any radial 
?uid pressure that may be encountered in the wellbore 
and which is resistant to corrosion. In practice, any 
metal which has suitable resiliency, hardness and corro 
sion resistance may be used. Preferably, the metals used 
to form the rings are highly alloyed nickel or cobolt 
base austenitic stainless materials such as MP35N and 
MPl59 made by Latrobe Steel; Inconel Alloys 625, 718, 
and X-750 made by Huntington Alloys; and G276, C, 
and C-4 alloys made by Stellite Division of Cabot Cor 
poration. These metals are corrosion resistant and are 
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suitable for use in wells where hydrogen sul?de gas is 
produced under high temperature and pressure condi 
tions. Seals constructed from these materials are also 
able to substantially resume their original shape after 
sealing pressure is released, thus allowing retrieval of 5 
the packer. As an additional advantage, these particular 
metals are work hardened during compression. That is, 
as the seal rings are wedged tighter between the man 
drel and easing, the tensile strength of the metal in 
creases, thus increasing the ability of the packer to seal 10 
the annular space against high ?uid pressure. 
The seal collars previously described may be fur 

nished in a variety of types and the polished bore casing 
section attached thereto provided in varying lengths to 
?t speci?c well installations. A polished bore section 
having a bore diameter slightly less than the inner cas 
ing diameter above the seal collar is preferred. It is 
further preferred that the wall of the polished bore 
section be honed to a smooth ?nish to provide a good 
sealing surface for the seal rings. As mentioned, the 
length of the polished bore section can be varied to 
accomodate any packer length. Because of the tempera 
ture and pressure variations in the drill pipe, it is also 
preferred that the length of the polished bore section be 
twice the anticipated tubing contraction or expansion 
and about twice as long as the mandrel. Finally, it 
should be understood that the anchoring means de 
scribed in the preferred embodiments are only two of 
several types which could be used to positively anchor 
the mandrel at a desired depth without the use of slips. 

It should be appreciated from the foregoing discus 
sion that although a more positive seal and greater reli 
ability is obtained by using a multiplicity of rings or set 
of rings, as in the preferred embodiments, one seal ring 
would provide a casing-tubing annular seal. 

It will be understood that the packers of this inven 
tion are not restricted to the precise con?gurations 
illustrated in the drawings and that various changes in 
the shape or type of mandrel, ratchet assembly, anchor 
assembly, or metal sealing elements may be made. 
What is claimed is: 
1. A packer for insertion into a well casing which 

includes an anchor collar and a length of polished bore 
section located at a predetermined depth in the well, the 
packer comprising: 

(a) a hollow, cylindrical mandrel; 
(b) a resilient, frusto-conical rigid metal seal ring 

circumferentially disposed around said mandrel, 
said ring being sufficiently rigid such that applica 
tion of an axial compressive force on the ring is 
capable of sustaining at the circumferential edge 
surfaces of the ring a transverse sealing force 
which exceeds said compressive force; 

(c) means for retracting said seal ring for passage 
through said casing; 

(d) means for anchoring said packer on said anchor 
collar, said seal ring being disposed within said 
length of polished bore section with said packer 
anchored; 

(e) means for expanding said seal ring into sealing 
engagement with said mandrel and said casing, and 
for applying suf?cient force for effecting ?uid tight 
metal-to-metal seals thereon; and 

(f) means for maintaining sealing force. 65 
2. The packer as de?ned in claim 1 wherein said seal 

ring is frusto-conical in shape, having inner and outer 
downwardly tapering surfaces. 
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3. The packer as de?ned in claim 2 wherein the inside 

circumferential edge of said seal ring is beveled. 
4. The packer as de?ned in claim 2 wherein the inner 

and outer frusto-conical surfaces of said seal ring have 
an angle of slant relative to the ring axis from about 60° 
to about 75° when said ring is in its retracted position. 

5. The packer as de?ned in claim 4 wherein said seal 
ring has an angle when expanded of between about 2° 
and about 10° greater than said angle of slant when 
retracted. 

6. The packer as de?ned in claim 4 wherein said inner 
and outer surfaces are parallel to each other. 

7. A packer as de?ned in claim 1 wherein said seal 
ring is formed of a resilient metal at least as hard as the 
material of said mandrel. 

8. A packer as de?ned in claim 1 wherein said seal 
ring is formed of a resilient metal having a Brinnel hard 
ness of at least about 321, based on a Brinnel load of 
3000 kg. 

9. The packer as de?ned in claim 1 wherein a plural 
ity of frusto-conical, resilient metal seal rings are cir 
cumferentially disposed around and spaced longitudi 
nally along said mandrel. 

10. A packer as de?ned in claim 1 wherein said means 
for interlocking said packer with said anchor collar 
include mated latching components, one of said compo 
nents being located on said anchor collar and the other 
component being located on said packer. 

11. The packer as de?ned in claim 10 wherein said 
means for maintaining sealing force comprises an outer, 
hollow cylindrical member and an inner hollow, cylin 
drical member, one of said members having a ?xed 
position with respect to said mandrel, said outer mem 
ber circumferentially disposed around said inner mem 
ber and said mandrel such that when an upward force is 
applied to said inner member, engagement with said 
outer member occurs so as to prevent downward longi 
tudinal movement of said inner member relative to said 
outer member. 

12. The packer as de?ned in claim 11 wherein said 
outer member has a set of upwardly angled, inner con 
centric threads and said inner member has a set of 
downwardly angled, outer concentric threads, said 
outer concentric threads engaging said inner concentric 
threads upon application of said upward force. 

13. A packer for a cased wellbore wherein the packer 
is used to seal an annular space between tubing and 
casing in said wellbore, the packer which comprises: 

(a) a cylindrical, tubular mandrel for insertion into 
said cased wellbore, 

(b) anchoring means for engaging said packer with 
said casing at a speci?c vertical depth, 

(c) a plurality of frusto-conical, resilient metallic seal 
rings circumferentially disposed around and spaced 
longitudinally in groups of at least two along said 
mandrel, the frusto-conical surfaces of said rings 
parallel to each other, said rings being suf?ciently 
rigid such that application of an axial compressive 
force on the rings is capable of sustaining at the 
circumferential edge surfaces of the rings a trans 
verse sealing force which exceeds said compressive 
force, 

(d) means for elastically deforming said rings until 
sealing engagement with the walls of said mandrel 
and said casing occurs, and 

(e) means for maintaining said sealing engagement. 
14. The packer as de?ned in claim 13 wherein the 

uppermost group of seal rings is inverted relative to the 
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lower groups, the inner circumference of said upper 
most group being located below the outer circumfer 
ence of said uppermost group when said packer is dis 
posed in said well-bore. , 

15. The packer as de?ned in claim 13 wherein the 
distance between the inner and outer frusto-conical 
surfaces of the seal rings is greater in a lower group than 
said distance in an upper group. p 

16. A well packer for sealing the annular space be 
tween tubing and casing in a well which comprises: 

(a) a longitudinally extending mandrel adapted to be 
lowered into said casing on said tubing: 

(b) means for anchoring said packer to said casing; 
(c) a plurality of frusto-conical, resilient metal seal 

- rings encircling said mandrel, said rings being ar 
ranged in a stacked and nested relationship, and 
said rings being suf?ciently rigid such that applica 
tion of an axial compressive force on the rings is 
capable of sustaining at the circumferential edge 
surfaces of the rings a transverse sealing force 
which exceeds said compressive force; 

(d) means for applying force to said rings such that 
said rings are expanded into sealing engagement 
with said mandrel and said casing, and 

(e) means for maintaining said force. 
17. A packer for insertion into a well casing which 

includes an anchor collar and a polished bore casing 
section located at a predetermined depth in a well, said 
packer comprising: 

a mandrel; 
a seal assembly encircling said mandrel and including 

a plurality of resilient, metal, frusto-conical seal 
rings, said assembly being movable relative to said 
mandrel, said seal rings having a normal retracted 
position, and said rings being suf?ciently rigid such 
that application of an axial compressive force on 
the rings is capable of sustaining at the circumfer 
ential edge surfaces of the rings a transverse sealing 
force which exceeds said compressive force; 

means for anchoring said seal assembly on said an 
chor collar with said seal rings positioned in said 
polished bore section; 

means for moving said mandrel longitudinally rela 
tive to said seal assembly to a set position such that 
an axial compressive force is applied to said seal 
rings causing said rings to be expanded radially 
outwardly into sealing engagement with said pol 
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ished bore section and radially inwardly into seal 
ing engagement with said mandrel; 

means for maintaining said mandrel in said set posi 
tion. 

18. The packer as de?ned in claim 17 wherein said 
seal assembly includes at least two downwardly open 
ing frusto-conical seal rings arranged in nested relation 
ship, the angle of slant of the outer surface of said seal 
rings relative to the ring axis being between about 60° 
and about 75° in the retracted position of said rings and 
being about 2° to about 10° greater in the set position of 
said mandrel. 

19. The packer as de?ned in claim 17 wherein said 
seal rings are adapted to engage said mandrel and said 
polished bore section with a sealing force of at least 
about 1.7 times the applied compressive force. 

20. The packer as de?ned in claim 17, further includ 
ing means for returning the mandrel to its original posi 
tion such that said resilient seal rings can return to their 
retracted position. 

21. The packer as de?ned in claim 17 wherein said 
means for maintaining said mandrel in said set position 
includes a threaded section attached to said seal assem 
bly, a threaded section attached to said mandrel, said 
threaded sections being adapted to interengage as said 
mandrel is moved to said set position. 

22. The packer as de?ned in claim 17 wherein said 
seal assembly includes a plurality of double nested seal 
rings spaced longitudinally along said mandrel. 

23. The packer as de?ned in claim 22 wherein at least 
one set of double nested seal rings is disposed in oppo 
site direction to the remaining sets of rings. 

24. The packer as de?ned in claim 1 wherein said ring 
comprises an alloy nickel based austenitic stainless ma 
terial. 

25. The packer as de?ned in claim wherein said seal 
ring comprises an alloy cobalt based austenitic stainless 
material. 

26. The packer as de?ned in claim wherein said seal 
ring is formed of a corrosion-resistant metal which will 
not yield appreciably when said seal ring is in sealing 
engagement with said mandrel and said casing. 

27. The packer as de?ned in claim 26 wherein said 
seal ring is formed on a corrosion-resistant metal which 
will de?ect under load and substantially recover its 
original shape after removing said load. 

ll‘ * it i 1|! 
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